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Introouction:

The organophcsphates are an important class of corpounds routinely

employed as pesticices and chemical weapons. We have investigated the
effects of an organophosphate, diisopropylfiluorophosphate (DFF) an one of
its hydrolysis products, fluoride ion, on various biochemical and
physiological parameters in ocular tissues. The data obtained show that
both DFP and fluoride alter various enzymatic and physiological functions
in cultured cells, the isolated retina, and rod outer segment menbranes.
While a number of the studies performed are preliminary, the data are
sufficiently interesting to demand further investigation. The data
obtained in this project reveal that both DFP and fluoride may alter
ocular biochemistry and physiology through other than classical
acetylcnolinesterase mechanisms.

We have approached the problem of DFP effects on the eye in several

ways: I) Dose response curves for DFP inhibition of cellular synthesis of
nNA was studied in three different cell types. 2) Electroretinogracs
(ERG's were recorded from isolated retinas of Bufo marinus during
sapertusion with the compound. 3) !ntracellular recordings -ere made from
rod photoreceptors in isolated retinas while superfusing with NaF. )The

effects of fluoride on the protein-orotein interactions and the enzymology
o; the cyclic nucieotide cascade of rod outer segments ;,ere studieO. 5)

DFP binding to rod outer segment and retinal proteins was otserved.
In addition we have looked at the transport of ruFF across the cornea.

Meth:as:

!nhibltion of DN" synthesis:

For all stud.es of the inhtiticn of DNA synthesIS we used zells plated in
2 ell pia:es at a level of 1.5 x It +6. After trestment with the
.nhititor for various periods of tire and at different concentrations.
tritiated thvmidine would then be added to the cells. After 12 hours the
cels were fixed in 5% TCA. They were then washed 5 times and the cel"

then d:ssscved in .5r NaGH. This materiai was then counted in a
scintillation counter.

Eiectroretinograms:

All procedures were performed under i.T red i'iuimnaticn or in co: Iete
carkness. Bufo marinus were dark adapted 12-18 hcurs before sacrifice.
After sacrif'ze, the eve e::clseo from the an:mal, he zisectec and

placed -n a sma II Petri ds sn :cntiining oa'oeated Ringer 's sclu.on .i1!
1 *4 ?a2i, 2.5 mM mC, O.Se 2aC1 , I .o M MC: , 7 TIM HE=E, C..

clucose, and adjusted to pH 7.; with IN NaCH). The retina ias OIssectE:
away from the pigment epithei:ur and placed receptor side up on a piece of
filter paper. The retina was mounted in a slopol perfusion chaemer. 7he
reczrdinn electrode was a glass pipe:te flied -miitn i rger's anc gar,

that was mounted on a micromanipulator and placed in contact sitn tte
retina. The reference electrode was a loop of cnlorided silver wire that

was placed on the floor of the perfus~on chamber beloK the filter )ape-

ana retina. Signals from both inputs were fed differeria..y into a7 AC

a:.plf ier and recorded with a Gould 'E:rush',. 6; ir I (AFsc)
stimulated with full field tiashes of ,;TTCseconc

nn d is
1-pproveci f ornuhb i,'Ce , - £ -
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DFP in the Eye -

duration. The flashes were attenuateo with appropriate neLtral censity
filters. The preparation was superfusez with either normal Ringer's or 5
mM aspartate Ringer's to block neurotransmission from the phctorecep:or to

second order cells. After mounting and starting perfusion, the retinas
were allowed to equilibrate for 30 minutes in darkness. Test solutions
contained I or 4 mM DFP.

Intracellular Recordings:

"I1 procedures were performed with dim red light or with infrared image
conversion. Animals (Bufo marinus) were dark adapted over night (12-18
hours). After sacrifice, the eyes were excised and the retinas were
peeled free of the pigmented epithelium. The retina was mounted and
superfused in a small dish on the stage of an inverted microscope. The
Ringer's solution was identical to the normal Ringeer's solution described

above. The test Ringer's contained 1 or 10 mM NaF. Full field flashes of
500 nn light of 0.1 second duration were presented. Attenuation was
accompl:shed tnrough the use of neutral density filters.

DFP Binding Studies:

Retinas were incubated with tritium labelled DFP (20 uLi!retina; 10 uM
DFF) in amphibian Rirger's solution (as above; for 5 hours. After the
inzubaticn period, the retina was. gently washed with normal Ringer's
solution until no detectable radioactivity appeared in the wash.
Labelling r.ith H -DFP was also performed after a 30 minute preincubation
with the hydrolysis resistant acetylcholinesterase inhibitor, bethaneccl.
Fzilowfng the wash, rcod outer segments were separatad from the rest of the
retina (as described celow(. The radizactivity in the ROS fraction and
the pell a t were deterznired by ";uid scintillation countin,. Aliquots o

each facti n were solubilized in 3. SDS and anai'sed on I2.
polvacr'iamide gels. After staining, the gels were sliced, dissolved in

3 . 0 and tnen subjected to liquid scintillation counting.

Rot Outer Segment Biochemistry:
/

Preparation of ROS - Retinas oere dissected from dark adapted '- S
hcurs Bulfo marinis. The retinas were vrteied . 4C7. sucrose containino

m,.. m T ris ,pH 7.3, I mM MIn 31 , and 5 mM I.TT (Euffer A) and overia,elec
with additional Buffer A. The RZE nar.estEo from the JON
nterf ace 'wre resusoerned i, Buffer A (" volL.Ies and pell1etec at a ,

gi. The pei.et oas reswspenced in Buffer A (25 uL per retina; anz =iu:t
reovec, dissoived in E uiIhocene BC-70 aro t'he r.!odo;sin aosoroticn
spectrum recorded before and after oieach:ng. The rhodopsin ccnce-rztion
was calculatec using 40. 60 C /mole as t re molar e-t..czicn

coefficient. 'I

Release of GTP Binin.g Frotein - We ;ssesseo the assziatior ol tre G5?

Binding Protein (G P) with both bleached and dark adapted R3S D.
monitoring the appearance of the GBP into solution after incubation of the

ROS membranes (25-70 LM rhooopsin: )00 uL reaction volume! witn '= or
guanyl nucleotide followed bY centrifugation. At tne end of tne:r
incutation time, the membranes were centrifugec at %, g r 7 r
minutes. The supernatant solutions ere recentrif:geo under t* =. - ty Codes
conditicns for an adtior, a! 30 minates to re-.ove any traces cf R ,t o
membrnes. Ai uzts were removed in SHS samp le buff er wSD, it- 0.1 mM A.lor
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DTT. Samples were heated to 900C. for 5 minutes and subje:ted to
electrophoresis on 12.5% or 8-2r% SDE Sels. Gels or gel photographs were
_. tc with a Sniiadzu lnstruments scanning densitometer and pear. areas
were determined with a Shimadzu CI-A Integrator.

Trypsin Proteolysis of GBP - ROS membranes were prepared as above and then
washed 3 times in thedark with Buffer A. The membranes were then split
into 3 aliquots. One aliquot was washed three times in the dark with
Buffer A containing 2.5 mM KF. The remaining 2 aliquots were bleached and
washec three times with GTP and GTPyS respect:vely. Aliquots of each GBF
preparation containing approximately 10 uG of BGP were incubated with
trypsin (7.0 or 14.0 uG/ml, final concentration). At appropriate times,
the proteolysis was stopped by the addition of excess soybean trypsin
inhibitor. After the addition of 3% SDS sample buffer, the samples were
analysed on !2.5 or 14% pol'acryiamide gels.

Phosphodiesterase Activitv - To assess tne effects of KF wasning or,
membrane bounc phosphociesterase (FE) activity, RGS memoranes (p:-eparec
as above wiere washec 4 times in tne dark with Buffer A containing 2.5 mm
KF or KCI. Tne membranes were diluted to a final rnodapsin c.ncentratcn
0 .f 1-10 uM -.400 jL reaction volume) and assayed in the light for cyclic
GMP hydrolysis.

4 To determine the efect of tF incubation on PDE activity, ROS meabrar es
were preincubated (in the dark) or bleached and preincuOated in tne lignt
tor 4 minutes with kF or GTPyS :n 125 aM . I, mM MgC1 , 5 mM DTT an 2.5
mM Tris (pH E.O). At tne end of the preincubation period, 5 'mi cyclic S!P-
was addeC ar. the rate of roton evolut ion was monitored s-na a p .
electroc wh:se output was fec into a voltage f.iower and amplifier and
recorzed on a Iodei 220 Brusr Recorder.

Corneal penetration study:

To determine to rate and amcunt of penetrat of the cornaa, Ratzit
corneas were mounted in a chamber s: that it ,as ossioie to moniter tne
amount of rac:oactive DFP that was t-anspc-tec throu;h th.e cor.E2 witn
time. The corneas were in a stardard ra P:cl .:noers solution. Te design
of the chambar was such that oni, te corr.ea was e::pcsed to the solution.

Resul ts:

DNA synthes.s i nh it ion b,, l, FP:

A dose response cirve for di zc:-o o.. uocnosphate ,FFF i nn ttion
of ceulular synthesis o4 DNA was stuz:ed In three .1feren celi types.

As seen In f+ures I ard :. the Ice espcnse - r EFP ir the presence c,
5 fetal calf serus is tn e sa'e ;or Na 3r: C'oSe *ens ep;ttel al cells Cr

transformed retina cells grZ..ing ..n t esue culture. DF: shc..,ec na.
ma::imal inhibiticn at 4: mM ior t e trarsiored retina aid 2.0 im! for the
lens cells. in studies wit-, 7T7 it ooiasts, 757 inhib:tion cccured at
7.3 m M FP (see j ure ,. The most o-a at:: in 1 it: n, hcwe.er,
occurred when t'.e anticote -'I was addec to the :-,!t re ed;u w tn
D2 FF. Figure 4 shcqs that c:;nce traticns of :-- es .c. as 1 7. cauaed
an increase in t e r, :bb c.-v e f t ; nz . 7 -. -a - l: e J -t o
with tre st.TLu1ator,, effects or Dn A snt-es is ctsereC F ;u-e S

i - 111



DFP in the Eye -4-

2-FAM was added without DFP at 0.4 and .,.04 mM. With 3T7 cells, however,
a very different result was obtained (Figure 3B). 2-PAM added alone
showed no stimulation and was inhibitory at 4 mM (it was not Inhibitory
with lens e-itheliai cells at 4 mM). in addition, concentrations of 2-PAM
as low as 0.004 mM increased the inhibition of DFP on DNA synthesis.

We then determined if the inhibition by DFP was a result of the actionof fluoride generated by DFP hydrolysis. The dose response curve for

fluoride (Figure 5) showed tnat the inhibitory effect was half maximum at
about 0.8 mM for cells stimulated with fetal calf serum or retinoblastoms
derived growth factor (FDDF). This cata suggested that the release of
fluoride by DFP might be the cause of the inhibitory effect on DNA
synthesis. With this in mind, we preincubated DFP with 2-PAM before
adding it into the cells (Figure 6). This was done because we suspected
that 2-PAM might have reacting with the DFP causing the release of free
fluoride ions. it appears from the results in Figure 6 that preincubation
has a small effect. The preincubation time for this exoeriment was
hours and the concentration D-P and 2-PAM was ten times that found in the
media over the cells. From the results it is apparent that the reaction
tise between DFP and 2-PAM must be slow relative to the time for
initiation of DNA synthesis, for 2-PAM to-have an effect. For tnis to

- fluoride must oe able to inhibit later in the cell cycle. As seen
in Figure 7, this appears to be pzssib'e because filuoride (alore' has ar.
e4fect after 19 hours, while there is ittie difference between DFP alone
or added with 2-PAM after 19 hours. However, Figure 7 also snows thaz
there is an inhibitory effect of DFP after only one hour of addition, i
hours after the initiaticn of DNA synthesis. To check this effect, EFP
,as added oy itseli at ::fferent perioas of tite after the start of the
cell throuch the ceal cycle. t can te seen in Figure E that there is a
rpi effect of nP: that occurs after I hour out remains the sams for b

urs, If DFP is oresent -or a longer time, an adc-tional inrioition
occurs. These results are consistent with the quick effect resulting ;rom

FP by itself, ano the lonner time effect resulting from fluoride released
v tre hydrolysis oi DnF'.

E:ectr:retinograms:

5uoerfusion of the isoiatea toac retina witn F:n-er'z sc'or
cont an ng DF? i or 4 eM) reslts In stri-i 7g changes in the a arn b-
waves of the ERG. Figjre 9 snows Intensity response curves of tne a-wa ,e,
made before, durlng. and after the applicatlon of DFP. The-e is a
notIcea le stri~ing decline i t the Ampii ue cf the responses Q alt
:i s %u.zens.ies after exposure to 1FF. F i re i0 show.s the kIr e cs

od ta dec re in response ap it oe tc a cnstant itersity riu5 le
irer's soiution containing 5 m! Na asartate (to Olocr resporses 4rot

second order cells). Thus, it appears that CFF alters the cisiogv of
the receptirs. Fi-u.-e Ii snows the changes in o-waye intensity response
Uf.nctions after e;::osure to DFP. There is an initia: increase in
amplitude foilowed by a subse,uent decline.

!ntracellular Recording:

:ntracelluiar recordings of transmenbrane ;o!tace were made frro. roos
f r etir as s;oe D used .it Fr cer' s soluti r on a rir; either i Mr i

N a F. At I xT1 NaF ne .i gib"e a!tera:Iors in the e tra-e ;oter t. and no
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changes were observed in lioht induced responses. At 10 mM NaF, the dark
membrane potential was lit-.ie changed but decreases in response amplitude
could be observed (Figure 12).
DFP Binding:

Figure 13 show the radioactivity profile for ROS incubated with H -DFP
with and without princubaticn with bethanecol. Three major peaks are
apparent with approximate molecular weights of I10, 31, and 27
kilodaltons. The 180 kilodalton peak disappeared in the bethanecoL
pretreated ROS. Minor peaks with approximate molecular weights of 83, 50,
21, ano 16 kilodaltons also can be observed. Of the labelled proteins.
only the 50 kilodalzon protein corresponds in molecular weight to proteins
previously identified functionally. An ATP binding protein of mclecular
weight 48 kilodaltons(1) and a protein kinase of molecular weight 50-53
kilodaltons(2) have already been describec.

The retina fraction (pellet, (Figire 14) showed major peai.s at 4;, 32,
and 29 :iiodaltons and minor peaks at 70, 63 and 2- kilodaitons.
Bethanecol did not alter the labelling of any of the proteins in the
retina fraction. The retina fraction inevitably retains some of the outer
segments, hence labelling of proteins of slamzar molecular weight protaol
is incicatlve of this small contamination (77-1 Q -, ') ki

peaks".

Rod Outer Segment Biochemistry:

The effects of KF on the association of the GBP with RSE memb;-anes are
shown in Fi:ure 15A and 15B. Figure 15A demonstrates that incubatior ot
dark adaptez ROS membranes with buffer containing iF at various
concentrations followed b/ centrifugation, res.4ts :n a concentration
dependent re:ease(lnes= o-g) of GBP. By contrast, buffer alone, - u"C
3pp(NH)p and 10 uM 37: (lanes a, h, and i are relatively inezfeczive in
releasing GBP from the dark memorane. When bleached membranes are
:r.cubated with fluoride, the results are strikingi/ different. Figure 7B
shows that incubation of bleached RIS membranes with KF follOwed by
centrfLAgaticn. releases on!! small amounts of 3BP nto the supernatan-
solution (lnes b-g copare with G;.NH)p or 3TF klanes h and i'. The
aounts of SEP released uncer these ex;eriental concitions are llus~ra:ed
:n Fgurze 16. Incubation of blcached me orsnes with fluori e release at
rost. only 14 of the SEP that can be r easec 0y Gpo(H . 7.C-oat I o
dark adapted R* menmranes i th fluoride release almost S 0 c f t-e a To. rt
of SE? released by GpptNHb) in tleacnrc membranes. .t aopears t.at h

a nal release occurs .t . M,. f ouoriae.

Several previous studies 7,4 snowed that the a:x..'e (capable ot

activatinm F'E and -nactiv2 c:nformations of 3F ma,; be d~stn.7;u!s.ec cv
their digestion catterns :urinQ limiteo tr'si,. :rotesxs. e ye:
tnis technique to analyse the conformat:zn ot GBF rel eaet witc F.
Figure 17 shows that tr,,psin digestion of !.F-released protein is si.m:ir
to that generated for the protein with GTP.S cound. After -?,eeae from
the membrane with either . r try sxr cigestin generaes P
kilodaltcn fragment stable to iurther cigestion. By contrast, wren o F' is
e:tractec w _n T' and tnen subjected to trypsin protesi/sis, ne
digestion proceeds past the -2 :lodalton stage to cee:,'te 0racna-ts of
2 and 12 k1lodaltons (data not sro. n'. Thus 1- Tec tr', s n pr teo.ys s

*" 7 J,, 'N N* " "' '
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indicates that the conformat:zn of GBP w:en released by [F in the dark. is

similar to the 'active' conformation ootaired with hydrolysis resistant

STP analogs.
To assess the influence of fluoride on PDE activity, we measured cGMP

hydrolysis in dark adapted ROS membranes exposed to buffers containing

different KF concentrations. Figure 16 shows that PDE activity is

optimally stimulated, in the dark at 5.0 mM KF. Half maximal stimulation

appears at about 1.0 mM KF. It is interesting to note that at 10.0 mM KF,

enzyme activity is reduced. Inhibition of the catalytic moiety Ly

fluorice may be responsibie for this effect (R. Sorbi, personal

communicationi. Similarly adenylate cyclase from rat cerebral cortex is

ma-imally st-mlated at 16 mM KF, while concentrations aoove 25 mM are

inhibitory (5).

To analyse the miechanism by which PDE is activated by fluoride, we

washed dark adapted ROS membranes with Buffer A containing either 2.5 mM

KC :)r .F. Tne activity of FDE lwhich (unlike GBP) remains membrane pound
% KwIas then assayed in the light. Table i shows that C' washsd ROS

meobranes (which contain GBFr require the addition of GTPyS to ontain

maxial hydrzlytic activity. By contrast. KF ash= ed ROE ( eP1 ated of EBP)

are maximally active without aodition of CTP/S. FDE act,.vity in k- washed

RS -Icoranes is not altered by the ado ition of GTPyS (ita not shcwn).

.PE activity in K F washed ROS membranes was 95-1007 of the a:tiv ty

measureo .n KC- washed membranes in tlhe presence cf light ana 3-TyS.

Washing dark ROS membranes with KF appears to remove an innibitorv

constraint normally present on the catalytic moiety cf PDE.

neconstl tution eperiOents (R. Sorbi, -rsonal communicatior) supocrt the

idea that this restraint is :ue to the PDE inhibitor oolecue.

enetration studies:

s can be seen in fioure 19, the first apperance of ZFF on :ne otner sica

of the cornea is at around i minutes. For this e;perlia.ent no :c0d D7;

,as added to thE system. .n f1gure "i t: d'ifferent concentrati o ns of
c FP was added to e system. As zan be seen when cold DFP is aoded

tre n FF still penetrates :n about the ma.e 1ie r.-1 , i n) however t ere
s a slight decrease in the overall rate at nigher cnncen:r tons o Cond

:.FP.

.h i t f . ZA syn.t.esis

*jas ceterminec that -,e r:sin effect ot .F as an i nhioitor A

svnthes s was due to tne effect of furid e reaeased from the dFF durin:

Sts hydrolysis. Trns was see- in th2 results that iuoride could ci i.ic the

effects of BFP and that -FAM would stimul ate tne irhioitcry e-fect. Thus

2-FAM in its reaction with DFF Probatly displaces fluoride from the LFF' to

form 2-PAM-OFP compourd similar to that which results irs the
, reactivation of acet/Itholinestera. Lt was important to note however

that O;P by itself :ou;O react ano 1 i it the reactio , :n I hour :-,'.

6,a too short a time -or tne hydrolysis to recome apr e a ie as seen .rc

tre fact that i.,cubation with 2-PAM had no effect on ths early reacti:n.

Thus tnese res l ts are ccnsi stent i t r. the qu 1c eect Iesult ; fr,. zF

ty itseif, ano the .oncer effect resulting fron flour~de reiease) 0 the

4. . % % % %
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hydrolysis of 5FF.

Electrophysiology:

Extracellular recording from the amphibian retina in the presence of
DFP resulted in a monotonic decrease in the amplitude of the a-wave. This
effect is surprising since there is no evidence for the presence of
acetylcholinesterase in this cell type. The data would indicate tnat it
is possible that this class of compounds may exert deleterious effects
through other than the classical pathway. Exposure to DFP under the
conditions employed resulted in irreversible decreases in the a-wave
response. More extensive testing of different DFP concentrations and
exposure periods are necessarv to better understand the nature of the
interaction between DFP and tne roc photoreceptor. The time course of tne
decay of response amplitudes of the retina must be better characterized
under normal recording conditions.

Intracellular recordings from rod pnctoreceptors of retinas superfusec
with 'F indicate that the effects of DFP or. the e::traceiiuiariy recorcec
a-wave do not result from the generation of fluoride ions by DFF
hydrclysis. No cnanges were observed in intracellul ar res~onses from the
rods mere observed when the retira was superfused e.n K m F. it -s
unlikely that more than uM concentra:ions -f fluoride ions could be
;ererated under these experimental conditions. Bv contrast. changes in
the amplituce of tne rod responses were observed with 10 mM Y7 in te
superfusate. Additional e':periments are clearly needec at a5dztlznal F
concentrations and exposure tlimes to etter cnaracterize tne effect of
I ucrioe anc to be in to underst-a r the celIular .echansms B h n t.is ion
may affect. It woul also e useful to attempt to recora intracelluiairy
wi th and wit'ot super sion ith tFF.

ZF P Bnoing:

DFP indino studies indicate that there are oroteins in otin the outer
segfert and the retina which can bind tis moiecuie. The identit ar:
functional proper:ies of these proteins remain to be 21luci atec. Furoner
studies snoul help to define t~e mechanisas oy w hicn FP exer s
effects on renai phvsolcgi. Since DFF :an laei p-cteins in t-e
retina, autorad:ograonc technzques to iczalize the OFF b:ndn: s-tez -i1
te useful in dertifv ng tne celI types a-fected bv tr.s mo ecue.

5c parison C; DF localizat.on with h:strcheaicai ca:c:a : r, of
acetvi:holinesterase shou prov:ie a oz-.tnal evicEnce that DFF canr ale-
,eta~ols o t ; n through nor -aety ceo neste'ade pt
Ad J ti on studI es of the stolcrli oetry of DFP bind to p E 1i:

proteins would be useful as weil.

Sod Outer Segnent Piocheistr):

Incubation of dark adapted ROS membrnes wit. .F ccnt;in n fuffer
results in a change in the conformation of the 3BF such that it is capiOie
of activatinc FEE. This chane is als: indicated b. the .
concentration-dependent release of tne proteir from the SS 7erba-e ano
tne fact that the tryps:n oigestion pattern reseies that of tr
hyroisis resistant analCg bourC. Si, ce, in this state, t .e pr te-7:
i n a conforiat on caoatie of acti.,atin F E, it a pears :at fizr1
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activation of PDE is mediated by th& 68P. This idea is suppo-ted by
reconstitution experizents whlch show that the fluoride solubiizea 3BP

can be added back to dark adapted ROS xembranes and activate tne enzyme

(R. Sorbi, personal communication.

Both fluoride and guanine nucleotides release the GBP iron ROE

membranes. However, fluoride releases the protein most efficiently in

da rk ROS membranes while guanine nucleotides are most efficient in

bleached membranes. Washing dark adapted ROS membranes after e::posure to

fluoride activates PDE. The mechanism of activation appears to involve

release of an inhibitory protein from the catalytic moiety (R. Sorbi,
personal comnunication;. A similar mechanism was recently demonstrated to
account for light dependent guanyl nucleotioe activation of PLE t6).
However, fluoride activation occurs in dark adapted membranes while guanyl

nucleotide activation requires bleaching. Thus, the light dependent

rncdopsiniGBP interaction required for guanyl nicleotioe activation of FE

is apparentiy not required for fluoride activaticn of this enzyme. This

parallels ooservations made for adenylate cvcl ase where hormona and

hormone receptor) is not necessary for fluoride activation of the enzyme
'5,7). Furthermore, fluoride activation of the adenylate cyclase

stimulatory 37Pb in ing protein (N ) has been shown to resemble activation
v GTP analos :8). The trypsin digestiorn e.:p-niments_ reported above

demonstrate that the GBP released b.y fluoride or GTPyS generate identical

Proteolvtic fragments and therefore have similar conformations. Since

photorecptor GBP can substitute for adenylate cyciase GBP in the

actilvaticn of the catalytic oiety (9), it appears iikell that a s-milar
conformation c Mange oust occur in the adenylate cclase *3F curisg trne
actvation process.

Penetration studies:

The results from the cornea penetration studies are consistert witn 2FF

penetrating thro ... the cornea in about S-i0 minutes. Aisc ahen cold DFP

was added to the system in h:gh concentrations, the fact that tha rate was;

slghtly smaller seemed to imply that DFP was being tacilitated in its
transpCrt th-o,'h the cornea. Whetrer or not there Is a speof

• . transport prot i ,n 11il rzcuzre f:.'rther aetailed s-idies.
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Tabie

PDE Activity of IC and YF WasheCd ROS memorafles

Addit1onS: 
Activity

(M cGMP/m Rhodopsii min)

KC1 Washed IROS None 
24

t .C1 Washed ROS 
GTF**fS Z

KF Washed ROS 
None 

5
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